Data from two random samples of inbred lines and from the two sets of the triple test cross in which these inbreds are crossed to the pure-breeding parents and F1 of the cross from which they were derived, one involving material derived from the cross between varieties I and 5 of Nicotiana rustica and the other material from the cross between varieties 2 and 12, are analysed and the results compared to those reported earlier. Detection of epistasis and the estimation of the additive and dominance components of variation among the triple test cross families is based on the orthogonal analysis of Jinks and Perkins (1970) while the additive component is also estimated directly from the inbred families. Tests are carried out to detect genotype x microenvironment interaction in the L1 and L2 families of the triple test cross and in the inbred families and the interaction partitioned into that involving additive and dominance gene action. Their relationship with the corresponding additive and dominance components of mean performance is investigated by linear regression analysis.
the triple test cross families is based on the orthogonal analysis of Jinks and Perkins (1970) while the additive component is also estimated directly from the inbred families. Tests are carried out to detect genotype x microenvironment interaction in the L1 and L2 families of the triple test cross and in the inbred families and the interaction partitioned into that involving additive and dominance gene action. Their relationship with the corresponding additive and dominance components of mean performance is investigated by linear regression analysis.
As expected the material from the V1 x V5 cross segregates at loci the alleles of which display large additive effects but little or no dominance and epistasis while dominance and epistasis are larger components of the genetic variation in V2 x V12 cross. In both crosses, the micro-environmental interaction involves mainly the additive genetic component. For some characters there is evidence of independent segregation of genes controlling environmental sensitivity.
Estimates of the additive genetic component D from the triple test cross and the inbred families, are consistent for all the characters in both crosses. The triple test cross analysis, therefore, provides satisfactory estimates of the genetic variation among a random set of inbred lines, even for those characters which display non-allelic interactions.
INTRODUCTION
TI-SE triple test cross breeding programme, an extension of North Carolina.
Design III (Comstock and Robinson, 1952) proposed by Kearsey and Jiriks (1968) and subsequently extended byjinks, Perkins and Breese (1969) and Jinks and Perkins (1970) , has been extensively applied to detect and estimate the components of the genetic variation in material derived from crosses between varieties 1 and 5 and 2 and 12 of the Birmingham .JVIcotiana rustica collection Jinks, 1970, 1971; Jayasekara, 1974; Pooni,. 1976, and Pooni and Jinks, 1976) . Detection of genotype x environment interaction both with the macro and micro-environments has also been carried out and attempts made to partition these interactions into those involving the additive and the dominance action of the genes (Perkins and Jinks, 1970) . All these studies, however, were largely limited to illustrating the new techniques for detecting and estimating the genetical and genotype x environment interaction components of variation as exemplified by the analysis of flowering time and final height. A comprehensive survey of the genetic variation in these .J"Ticotiana rustica crosses has therefore been undertaken using the optimal material, namely, random inbred lines derived from them.
THE EXPERIMENT
The experiment consists of two separate triple test crosses. The first, based on material derived from the cross between varieties 1 and 5 of .J'Iicotiana ruslica, was initiated during 1972/73 by crossing V1 and V5 and their F1 (1 x 5) to each of the 82, F11 inbreds derived by single seed descent from the F2 of the V1 x V5 cross (Perkins and Jinks, 1973) to give the L1, L2 and L3 families of a triple test cross, respectively. Each of these 82 x 3 The tests for epistatic, additive and dominance components were those described by Jinks and Perkins (1970) in which the appropriate block (replicate) interaction is used to test the significance of the three components if this interaction is itself significant against the error derived from the variation within families. The results obtained for the test for epistasis are given in table 2 for both crosses. The between sums (additive) and between differences (dominance) mean squares provide estimates of and c1 (hereafter referred to as and which in the absence of epistasis and linkage disequilibrium in this special case of randomly inbred populations with equal gene frequencies, equal {D = 1Zd2 and eH = IEh2, respectively (Kearsey and Jinks, 1968). In the presence of epistasis, however, these expectations include epistatic terms and these estimates of D and H become:
All the genetic effects are as defined by Mather and Jinks (1971) on the F, metric (Van der Veen, 1959) . The expectations given in square brackets ([]) are dependent on the coefficient of gene association and the asterisked co-products alone may change their direction with the type of epistasis present (Pooni, 1976) .
The variation among the inbred families included in these experiments can be partitioned into three items; between inbred families, inbred families x blocks and the error derived from the variation within families and the appropriate tests of significance applied. 
MICRO-ENVIRONMENTAL INTERACTION
The L1 and L2 families in both triple test crosses being F1 families show no segregation. The variation within each family is entirely environmental in origin and in the absence of micro-environmental interactions these variances are expected to be homogeneous over all L1 or L21 families since all are then estimates of E1, the additive environmental variance. A significant heterogeneity between the "within " variances of L11 or L2 families is therefore evidence of differential genotypic sensitivity to the micro-environmental variation. This is also true for the variation within the true breeding lines. Any differential genotypic sensitivity among the true-breeding lines, however, can only arise from interactions with additive genetic effects while the differential sensitivity of the L1 or L2 families may involve dominance effects also.
Two estimates of within family variance (one from each block) are available for any inbred, L1 or L2 family for most of the characters and these have been pooled for individual families before carrying out the Bartlett test of homogeneity. Characters CN, SW, ASW and TSN, however, were scored only for the first block and for these the test of homogeneity was carried out on the single estimate of the variance.
The results of the Bartlett test for both the crosses are given in table 4-as I)
values and their significances. These tests, however, only detect the presence of genotype x micro-environmental interactions, and they do not indicate their cause. Such interactions can arise from pleiotropic effects of the genes segregating for mean performance or by segregation at independent loci which control environmental sensitivity only. Furthermore, the loci controlling mean performance and sensitivity may or may not be in linkage equilibrium. Pleiotropy and linkage disequilibrium will produce a relationship between the mean performance (family mean) and sensitivity (within family variance). If a linear regression analysis is therefore carried out using the family mean as independent and the standard deviation as dependent variable, for the inbred families the regression mean square will indicate the degree of linear dependence of the additive genetic x micro-environment interaction on the additive genetic variation and the remainder mean square, the degree of independent control of this interaction. For all except four of the characters both mean squares can be tested against the families x blocks interaction mean square which provides an estimate of error for the standard deviations.
The genotype x micro-environment interaction present amongst L1 and L2 families, on the other hand, can be partitioned between the additive genetic and dominance effects (Perkins and Jinks, 1971) and their linear relationship determined independently by regressing (aL11+oL2) on to (L11+L21) and (oL11-L2) on to (L11-L21) respectively. Again, with four exceptions the regression and remainder mean squares can be tested for their significance against the corresponding blocks interaction mean squares. The results of these analyses are given in tables 5 and 6 for the V1 x V5 and V2 x V12 crosses respectively. For the four characters CN, SW, ASW and TSN (in the V1 x V5 cross) the regression mean squares have been tested against the corresponding remainder mean squares.
INTERPRETATION AND CONCLUSION (i) Gene action
Reference to table 2 and to the estimates of H in table 3 shows that for the material derived from the V1 x V5 cross epistasis and dominance effects are either non-significant or of marginal significance only. On the other hand, there is ample evidence of an additive component of variation which is highly significant for all the characters irrespective of the source of its estimate. This material therefore segregates at loci, the alleles of which display little dominance or epistasis but exhibit comparatively large additive effects. Similar results for this material have been reported by Perkins and Jinks (1970) and Jinks and Perkins (1970) for two characters, flowering time (FT) and final height (FH).
For the material from the V2 x V12 cross there is significant epistasis for six out of the eight characters (table 2) and the estimates of the additive and dominance components are highly significant for all characters (table 3) . Non-allelic interaction and dominance therefore constitute a common feature of the genetic variation in this cross. The estimates of additive (D) and dominance (H) components, however, will not be the true magnitudes (Pooni, 1976) .
It follows, therefore, that in the present data the contributions of the epistatic effects to these two estimates of D must be of the same order of magnitude in every case. Thus over two quite contrasting crosses and widely differing characters the estimate of D from the triple test cross is always a satisfactory estimate of the genetic variation among the random inbred lines even in the presence of epistasis.
(ii) Genotype x micro-environment interaction
The results in table 4 confirm the widespread occurrence of genotype x micro-environment interactions in both crosses. However, the material from V2 x V12 cross seems to be the more interactive in that 19 of the 24 tests conducted show significant heterogeneity among the within family variances compared with 28 out of 45 tests for the material from the 17 x V5 cross. Furthermore, most of this environmental sensitivity is positively related to mean performance (tables 5 and 6). This can only arise from pleiotropy or strong linkage disequilibrium at most of the loci controlling mean performance and environmental sensitivity. Evidence for independent segregation at loci controlling environmental sensitivity is confined to a few cases where the remainder mean square is found to be significant against the error (tables 5 and 6). Independent segregation of mean performance and genotypic sensitivity to micro-environmental variation is also reported by Perkins and Jinks (1973) for some morphological characters recorded on V1 x V5 material.
It can also be seen from table 4 that the X-1) for heterogeneity more often takes a significant value for the inbred family variances than for those of the L1 or L2 families for both crosses. Furthermore, the inbred families also display a more marked linear dependence. It must be remembered, however, that the -for heterogeneity have different expectations in the inbred and L1 and L2 families. In the inbred families the genotype x environment interactions have the expectation of while in the L1 and L2 families they are Zg ++g -gdJghJ and Eg + +--EgdJgf respectively, where gj is the interaction with the additive genetic effect and gkJ the interaction with the dominance effect (Perkins and Jinks, 1970) . Similarly, the variation in mean performance on to which they are regressed has the expectation d? for the inbreds, for the L1 families and for the L2 families. Finally, dominance x micro-environment interactions are rarely significant in this material and whenever they are they always display a significant linear relationship with the dominance deviations for the mean performance. The performance of the heterozygotes is therefore more stable than that of the corresponding homozygotes in both the crosses and
